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Background
Pneumocystis jirovecii (P. jirovecii) is an opportunistic pathogen with a high colonisation rate in human immunodeficiency virus (HIV) infections. Pneumocystis jirovecii pneumonia (PJP) is a severe lung disease caused by the massive proliferation of P. jirovecii in the lungs, and it is most common in acquired immunodeficiency syndrome (AIDS) patients. Identification of AIDS patients is valuable for diagnosing PJP. As technology has progressed, more methods of detecting HIV antibodies have emerged. Various detection methods have been developed and have become more sensitive. In China, the initial screening and diagnostic tests for HIV are mainly performed by applying different methods to detect serum HIV antibodies [1] . However, for AIDS patients who are HIV-seronegative, regardless of how advanced the serum antibody detection technology is, diagnosis will fail. Misdiagnosis or missed diagnosis of HIV infections will not only result in a lack of timely treatment for the HIV infection but will also confound diagnosing HIV infection-related diseases such as PJP, primary pulmonary Kaposi sarcoma (KS), and toxoplasma encephalopathy.
However, to date, HIV-seronegative AIDS cases are rare; only 27 cases have been reported globally. A recent case reported by Zhang et al. [2] was the first HIVseronegative AIDS case reported in China. However, at least in China, the current practice is that nucleic acid testing is not required in HIV initial screening tests according to the guidelines [1] . With the increase in such reported cases, more importance will be attached to nucleic acid tests to screen out HIV infection.
Herein, we report an HIV-seronegative AIDS case that may lead to new arguments for HIV nucleic acid testing.
Case presentation
On December 11, 2017, a 22-year-old Chinese unmarried male patient reported a history of male-male oral sex during high school. In June 2017, he underwent a peri-anal abscess operation at another hospital. No other history of anal sex, surgery, blood transfusion, dust exposure, or recent bird or poultry exposure was reported. Repeated coughing began more than a month prior, with a small amount of white sputum. He simultaneously began to experience shortness of breath after light activities, which was gradually aggravated. Two days before admission, the patient had a low fever, followed by no fever with cold and chills, and significantly aggravated dyspnoea, and he could not tolerate fast walking. An examination upon admission showed a white blood cell count of 6.9 × 10 9 /l, a neutrophil ratio of 83.8%, a lymphocyte ratio of 10.2%, a serum lactic dehydrogenase (LDH) level of 363 u/l, and a high-sensitivity C-reactive protein level of 77.00 mg/l. Arterial blood gas analysis showed a partial pressure of oxygen (PO 2 ) of 62 mmHg, pressure of carbon dioxide (PCO 2 ) of 33 mmHg and a pH of 7.43 without oxygen. An enzyme-linked immunosorbent assay (ELISA) was negative for HIV, and the results of other tests showed negative results for cytomegalovirus IgM antibody, positive results for cytomegalovirus IgG antibody, a CD4 + T-cell absolute value of 7.70/μl, a CD8 + T-cell value of 296.29/μl, a (1-3)-β-D-glucan level of 283 pg/ml, negative galactomannan and cryptococcal latex agglutination tests, an IgG level of 16.10 g/l, an IgM level of 1.36 g/l, an IgA level of 4.02 g/l, and an IgE level of 192.0 IU/ml. White Candida albicans growth was observed twice on sputum smear microscopy, and the sputum culture showed C. albicans growth once. Chest computed tomography (CT) showed diffuse ground glass-like lesions in both lungs (Fig. 1 ). The patient was initially treated with piperacillin tazobactam sodium injection + azithromycin injection + fluconazole injection + methylprednisolone injection, and his cough and shortness of breath improved slightly. PJP was suspected, and alveolar lavage was performed. The cellular proportions in the bronchoalveolar lavage fluid (BALF) were 62% phagocytic cells, 6% neutrophils, 30% lymphocytes, and 2% eosinophils. The centrifugal precipitate smear of the lavage fluid was stained with Wright's stain and hexamine silver, and P. jirovecii cysts were observed under a light microscope ( Fig. 2 ). PJP was diagnosed, and the treatment was changed to sulfamethoxazole and trimethoprim (SMZ-TMP) + clindamycin injection + methylprednisolone injection to treat the PJP. Serum HIV antibody retests were performed using latex agglutination tests and western blotting; however, neither test detected the antibody (Fig. 3 ). Two weeks after receiving anti-P. jirovecii treatment, the patient's symptoms were mostly relieved, and chest CT revealed that the lung disease was mostly absorbed ( Fig. 4 ).
Although the HIV antibody test results were negative or undetermined in three repeated examinations, because the patient was colonised with P. jirovecii and he was young and had low CD4 + T-cell levels, HIV infection could not be ruled out, and plasma HIV RNA testing was performed. Surprisingly, the results showed that the patient's viral load was 32,4000 cp/ml, and the retest result also showed a high load of 17,5000 cp/ml; thus, HIV infection was confirmed. After the diagnosis, highly active antiretroviral therapy (HAART) was started with Dolutegravir + Truvada (FTC + TDF). After being hospitalised and observed for 1 week, the patient was discharged. At the time of discharge, the patient had no positive symptoms or signs other than a few scattered rashes on his body.
Discussion and conclusions
When P. jirovecii was discovered, it was found to exist in the tissue in two forms: as a small trophozoite and as a larger cyst form. Therefore, P. jirovecii (previously P. carinii) was classified as a protozoan for a relatively long time. Based on gene sequence analysis technology, in 2003, Totet et al. found that P. jirovecii was a fungus, although its morphology was more similar to that of a protozoan [3] . With developments in technology, in vitro culturing of P. jirovecii, which was previously thought to be difficult, was gradually performed. Thus, in 2012, the complete genome sequence of P. jirovecii was successfully determined. Examination of the genome showed that it lacked virulence factors, and most amino acid biosynthesis enzymes showed a reduced guaninecytosine (GC) content and size. This study suggested that P. jirovecii mainly infects the lungs and occurs only in immunodeficient patients [4] . Prior to the discovery of AIDS in the 1980s, PJP was considered a rare disease that was only found in patients with severe malnutrition, preterm infants, or patients with leukaemia or other haematological malignancies [5] . After the 1980s and with the continuous increase in AIDS incidence, the number of PJP cases increased rapidly. In many countries, PJP is the most common opportunistic infection among AIDS patients. Studies have shown that in AIDS patients, the P. jirovecii colonisation rate can reach 69% [6] . The current evidence, especially from genetic epidemiological studies, has shown that P. jirovecii transmission is primarily mediated and spread among people through the air. Individuals colonised with PJP or the P. jirovecii population are the infection source for this disease [7] [8] [9] . Because PJP is a severe pulmonary infectious disease, its accurate and timely diagnosis is important. PJP is clinically characterised by progressive dyspnoea, coughing, minimal sputum, and fever. It has limited specificity on chest CT and is mainly characterised by diffuse ground glassy lesions in the lungs, which can be uniformly distributed or incorporated with a mosaic sign. As the disease progresses, lobular septum thickening can be superimposed on the ground glass-like lesions, showing a paved stone-like appearance. Because P. jirovecii is mainly spread via airway inhalation, the lesions may be more common in the upper lungs [10] [11] [12] . Similar chest CT findings are noted for other diseases, such as interstitial pneumonia, cytomegalovirus pneumonitis, lymphoma lung lymph node metastasis, alveolar proteinosis, and allergic or eosinophilic infiltrating alveolitis, but cytomegalovirus pneumonia is the main disease that distinguishes immunodeficient patients. Because many difficulties exist in culturing P. jirovecii in vitro, detecting P. jirovecii in airway specimens by microscopic examination remains the gold standard for diagnosing PJP. The sensitivity of BALF microscopy is as high as 98% for AIDS patients with PJP [8, 13] . Because PJP is one of the most common opportunistic infections and is common in AIDS patients, it is important to determine whether the patient has HIV infection. Conversely, patients who are clinically diagnosed with PJP should be routinely screened for HIV serum antibodies as well as CD4 + and CD8 + T-cell counts to determine whether they are infected with HIV as early as possible so that they can receive the earliest possible treatment. Although HIV treatment remains a worldwide problem, early treatment is effective in controlling the disease, and some patients can even achieve a long-term Fig. 4 A CT scan of the chest was obtained after 12 days of anti-P. jirovecii treatment with SMZ-TMP and clindamycin, the diffuse lesions in both lungs were mostly absorbed (panels a through d) Fig. 3 HIV antibodies in the plasma were detected by western blotting, but HIV antibodies could not be determined by three repeated experiments state of asymptomatic survival. In China, the current diagnosis and treatment of AIDS are implemented in accordance with the "Guidelines for AIDS Prevention and Control, Third Edition (2015 edition)". According these guidelines, HIV1/2 antibody testing is the gold standard for HIV testing and includes preliminary screening and supplementary tests. Preliminary HIV screening tests include ELISA, latex agglutination, colloidal selenium, and gelatine particle agglutination tests, and the supplementary test is a western blotting assay. The test can be repeated using two different principles or reagents from different manufacturers. If all of the results are negative, the patient is determined to be HIV-seronegative [1] . In the case reported here, the ELISA and latex agglutination assay results were negative, and the HIV antibody could not be detected by western blotting, which indicated that this patient was HIV-seronegative. However, when the HIV nucleic acid in the patient's serum was quantified, the viral load was found to be 32,4000 cp/ml. This was confirmed by retesting; thus, the case was identified as an HIV-seronegative HIV infection. The number of CD4 + Tcells in this patient was extremely low, with the presence of a severe opportunistic infection, and the patient was in the AIDS period. For patients within the non-HIVinfection window, HIV-seronegative infection is rare. Twenty-seven cases have been previously reported. In China, Zhang et al. [2] reported one case of HIVseronegative AIDS in a patient with KS, and the case presented here is the second HIV-seronegative case reported in China. HIV seronegativity in HIV patients occurs mainly during the "window period" and in HIV patients with early HAART. Other than these patients, HIVseronegative patients are extremely rare. Unfortunately, the reason why these patients are HIV seronegative is unclear. It is partly related to the emergence of rare subtypes, such as HIV groups M and N [14] ; however, it is generally believed to be closely related to the host's immune status. After reviewing the literature, the use of immunosuppressive drugs, such as mycophenolate mofetil, was reported to suppress AIDS humoral immunity and lead to either the absence of or a low titre of HIV antibodies, which cannot be detected [15] . In patients with diseases that result in low humoral immunity levels, such as those complicated with hypogammaglobulinemia, the HIV antibody is undetectable [16] . HIV-specific helper T-cells are T-cells labelled by CD4 + . CD4 + T-cells play a key role in cellular immunity and humoral immune regulation of HIV-infected patients. CD8 + T-cells are a group of cytotoxic T lymphocytes (CTLs) that express the CD8 glycoprotein and play an important role in HIV infection after the acute and chronic phases. CD4 + T-cells activate CD8 + T-cells via dendritic cells. Dendritic cells play a very important role in maintaining the function of memory and effector CD8 + T-cells [17] [18] [19] . In acute HIV infection, a strong CTL response occurs at the peak of viraemia, which occurs much earlier than production of any neutralising antibody. During this period, a small number of naive CD8 + T-cells rapidly differentiate into HIV-specific CD8 + T-cells, which can be hydrolysed by HIV-infected cells through identification and secretion of perforin. These cells can produce various cytokines and chemokines to inhibit virus replication and enhance the immune response. They can also initiate the apoptosis of target cells [20] [21] [22] . CD4 + T-cells are the main target cells of HIV infection and destruction, which can occur in the early stage of infection. In vitro studies have also found that HIV-specific CTLs can hydrolyse CD4 + T-cells that are infected by HIV, and these attacks lead to further reduction in the number of CD4 + T-cells [19, 23] . In addition to the regulatory function of CD8 + T-cells, various subgroups of CD4 + T-cells involved in the humoural immunity play a crucial role in facilitating the response of B lymphocytes. Normally functioning and adequate numbers of activated CD4 + T-cells can promote formation and maturation of germinal centres, antigen presentation, differentiation, migration, and maturation of B lymphocytes and plasma cells, and help maintain the stability of memory B lymphocytes [24] [25] [26] .Many studies have found that the number of CD4 + T-cells had the greatest effect on HIV antibody titres. Studies have shown that in early disease stages, when the reduction in CD4 + T-cell numbers is insignificant, and in patients who are not treated with antiretroviral therapy and exhibit plasma viral loads less than 50 copies/ml, the serum-HIV antibody could maintain a low titre, and as the disease progressed, the HIV antibody titre would gradually increase [27, 28] . As the disease condition worsened, the number of CD4 + T-cells could be reduced to very low values. Because B lymphocytes must be activated by CD4 + T-cells to signal production of the appropriate antibodies, extremely low CD4 + Tcell levels may disrupt this signal transmission, thus severely suppressing humoral immunity and ultimately causing an extremely low serum antibody titre that cannot be detected. An interesting phenomenon is that in some HIV-seronegative patients, after initiating effective antiretroviral therapy and recovering the CD4 + Tcell level to a certain extent, the serum HIV antibody could be detected [29] . Compared to HIV-positive patients, HIV-seronegative patients deteriorate faster and have higher mortality [30] . If an HIV-seronegative patient is misdiagnosed, the consequences will undoubtedly be catastrophic. In China, detection of plasma HIV RNA has not been routinely implemented as a preliminary screening test. However, as additional cases are being reported, it is believed that plasma HIV RNA detection will receive increased attention. Regarding the case in this report, it is worth noting that as clinicians, our thinking should not be limited by the examination results. Although the serum HIV antibody was undetected in this patient after multiple screenings and confirmations, the AIDS diagnosis must still be considered. As technology advances, plasma HIV RNA testing can perhaps be routinely performed as an initial test, and HIV-infected patients who are HIV-seronegative may not be as rare as is currently thought.
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